Titania (TiO 2 ) is one of the most unique catalysts, crucially important in photo-green chemistry. The mesoporous TiO 2 has large surface area, uniform pore size and open frameworks for the transfer of mass and charges. TiO 2 has photocatalytic activity which can degrade both organic and inorganic compounds. The band gap energy of TiO 2 can be modified by doping various metal oxides to make it tunable for application in solar cells. Various catalytic metals such as Au, Pt and Pd can be synthesized on TiO 2 surface to enlarge its application in various catalytic molecular transformations. Thus TiO 2 has promising application in the production of the renewable energy, degradation of environmentally hazardous components, generation of solar cells and sensors. A large number of efforts have been made to synthesize mesoporous TiO 2 materials with high surface area and uniform pore size. However, they were not cost effective for applications in environment and green energy generation. The photocatalytic actions of TiO 2 can further kill or transform harmful microorganisms into harmless or less harmful ones. This paper reviewed synthesis methodology of silica supported mesoporous TiO 2 and their applications in environmental photocatalysis and solar cells.
Introduction
Titania (TiO 2 ) has long been utilized as a pigment. However, its chemical stability, nontoxic nature, environmental and biocompatible behaviors have made it very attractive for wide ranging applications in paints, cosmetics and health care products. In recent times, it has been used for renewable energy generation. Fujishima and Honda (1972) observed the photocatalytic watersplitting on crystalline TiO 2 electrodes can generate hydrogen energy [1] . This offers an auspicious way for the generation of clean, low-cost and environmentally friendly hydrogen fuel using solar energy catalyzed water splitting on TiO2. Subsequently, scientific and engineering interests in TiO 2 photocatalysis have grown significantly [2, 3] . TiO 2 is also capable of decomposing a wide variety of pollutants present in various environmental media. Presently, TiO 2 catalyzed environmental cleanup systems have been one of the most active areas in heterogeneous photocatalysis. On the other hand, O'Regan and Grätzel (1991) discovered dye-sensitized solar cell (DSSC) which was stable, cheap, and device flexible. For applications in dye-sensitized solar cell, TiO 2 with high surface area and large porosity is greatly demanded to attain high productivity. The discovery of mesoporous silica molecular sieves, denoted as M41s has broken up the pore size limitations of traditional zeolitic molecular sieves [4] . Consequently, lots of efforts have been made to controllably synthesize mesoporous materials with various mesostructures, pore-wall parameters, compositions as well as morphology. The composition of mesoporous materials extends from silica to carbon [5] , metals and oxides [6] , in which the mesoporous TiO 2 has been used as photocatalytic materials and shows great potentials in numerous applications. Some excellent reviews have been published covering various aspects of TiO 2 synthesis, mainly for photocatalysis and dye-sensitized solar cells [7, 8] . This brief review has focused on some interesting schemes for mesoporous TiO 2 synthesis and their applications.
Synthesis of hollow silica supported mesoporous TiO 2
Many efforts have been made to synthesize mesoporous TiO 2 with various mesostructures, morphology, doping, and crystallization and pore-wall parameters. Antonelli and Ying (1995) firstly reported the synthesis of mesoporous TiO 2 (named as Ti-TMS1) using a modified sol-gel process in which titanium isopropoxide was used as a precursor and alkylphosphate surfactant as a template. [9] . To decrease the hydrolysis and condensation rate of titanates and to reduce the size of their oligomers, acetylacetone was used. It provided a strong interaction with the phosphate head groups of the tetradecylphosphate surfactant in an aqueous solution. In 1999, Antonelli further reported the synthesis of nonphosphated mesoporous TiO 2 by using dodecylamine as the template combined with a dry aging technique. However, the achieved materials showed poor thermal stability due to which the mesostructure could be damaged by a heat treatment at a temperature of 300 °C. After removal of the surfactant by solvent extraction method, a high surface area of 710m2/g and a small pore size of 2.7nm were obtained [10] . However, this material shows a low surface area of 180m2/g after a heat treatment at 300 °C. The synthesis of phosphorus-free mesoporous TiO 2 by a modified sol-gel method with the cationic surfactant (cetyltrimethylammonium chloride, CTAC) as a template and soluble peroxytitanate, [TiO 2 (OH) (H2O)] OH, as a precursor, has also been documented [11] . Brinker and co-workers developed a non-aqueous approach which is an evaporation-induced selfassembly (EISA) method. It was used to prepare mesoporous silica thin films [12] . Later it became one of the most efficient strategies to synthesize mesoporous TiO 2 . The approach begins with a homogeneous solution of soluble silica precursors and surfactants in ethanol/water solvent with c0_cmc (critical micellar concentration). Preferential evaporation of ethanol concentrates the depositing films in nonvolatile surfactant and silica species. To prepare mesoporous materials in a diluted non-aqueous medium, the EISA process provides a direct route. It controls hydrolysis and polycondensation of metal precursors [ Fig.1 ]. Tian et al. (2002) [13] successfully synthesized a highly ordered hexagonal mesoporous TiO 2 by using a mixture of titanium alkoxide and TiCl 4 as the precursors and P123 as the template. Soler-Illia et al. [14] synthesized hexagonally ordered mesoporous TiO 2 by using a cationic surfactant CTAB through the EISA process. Subsequently, mesoporous TiO 2 with various mesostructures, pore-wall parameters had been synthesized by using different precursors, surfactants, ratio of precursors to surfactants. 
Synthesis of Hollow silica:
A template of ABC triblock copolymer micelles of poly (styrene-b-2vinyl pyridine-b-ethylene oxide) (PS-PVP-PEO) with a core-shell-corona architecture was used to synthesize hollow silica nanospheres with uniform size. The PS block (core) of this type of triblock copolymers works as a template of the void space for hollow silica, the PVP block (shell) acts as a reaction field for the sol-gel reaction of tetramethoxysilane (TMOS), and the PEO block (corona) stabilizes the polymer/silica composite particles [15] .
Applications
The mesoporous TiO 2 with large surface area, uniform pore size and open frameworks for mass transfer has many promising applications. Here we have highlighted some of them in photocatalysis and solar cells.
Environmental Photocatalysis: Semiconductors can generate electron-hole pairs when they absorb the light with greater photonic energy than the band gap. It initiates simultaneous oxidative and reductive reactions with surface species before recombination. TiO 2 has been established as one of the most preferable semiconductors for photocatalysis. This semiconductor has adequate band gap and position, high quantum efficiency, nontoxicity, low cost and long-term stability. Consequently, it has been widely used in photocatalytic water-splitting for hydrogen generation [Fig. 2 ]. It is also important for the decomposition of environmental contaminants. Hydrogen is considered as an ideal fuel in the future. Presently, the commercial hydrogen production mainly (up to 95%) comes from fossil fuels [16] . The photocatalytic water splitting becomes a promising substitute due to its low cost and clean renewable process. In fact, TiO 2 is the most widely used semiconductor in photocatalytic degradation of environmental pollutants. Fig.2 Mechanism of TiO 2 photocatalytic water-splitting for hydrogen fuel production [16] Solar cells: Conventional photovoltaic devices are preferred for the direct conversion of photons into electrons. However, the excessive cost of these cells is uncompetitive with conventional power generating methods. Consequently, DSSCs have attracted significant attention. Fundamental and applied researches have been extensively performed to increase conversion efficiencies and to reduce cost. Until now, an overall conversion efficiency of 11% has been demonstrated [17] . A typical DSSC contains a dye-adsorbed TiO 2 nanocrystalline layer deposited on transparent conducting oxide (TCO) glass, electrolyte system and Pt counter electrode. The role of TiO 2 is the adsorption of dye molecules and transport of photo-excited electrons from dye to TCO [ Fig. 3 ]. Usually, nanocrystalline TiO 2 with the size of 10-30nm has been employed to construct a disordered nanoporous layer. It is assumed that the ordered mesoporous TiO 2 films may perform 
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Fig.3 Conversion of photons into electrons by DSSC.

Concluding remarks
In this review, the progress in the synthesis and applications of mesoporous TiO 2 has been briefly presented. Numerous approaches have been proposed for the controllable synthesis of ordered mesoporous TiO 2 . Varying the surfactant and precursor/surfactant ratio, the mesostructure could be controlled. The pore size, wall thickness and surface area depend on different surfactant and calcination temperature. A high crystallinity is much in demand to achieve efficient performance. Applications of mesoporous TiO 2 in photocatalysis and solar cells are outlined. However, more research needs to be done for the controllable synthesis of highly ordered mesoporous TiO 2.
